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COMPLETE SPECIFICATION 

Improved process of Beactivaiion Applicable to 
Hydrogenation Catalysts 



We, Institut Francais du Petrole des 
Carburants et Lubrifiants a French Body 
Corporate of 1 & 4 Avenue de Bois-fteau, 92 
Rueil-Alalmaison, (Hauts De Seine), France, 

5 do hereby declare the invention for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement: — 

10 The present invention relates to an improved 
process of reactivation which may be applied 
to catalysts containing at least a metal of group 
VIII of the periodic table of elements, such as 
for instance cobalt^ platinum, palladium or 

15 nickel deposited on supports and which have 
lost at least a part of their activity due to their 
use for selective hydrogenation of highly un- 
saturated compounds. These catalysts may con- 
tain also complementary hydrogenating com- 

20 ponents, more particularly compounds of ele- 
ments of group VI such as molybdenum or 
tungsten oxides or neutralizing compounds 
such as lime, baryta Ba(OH)25 sodium or 
potassium oxide. 

25 By highly unsaturated compounds is meant 
acetylenic and conjugated diethylenic hydro- 
carbons, cyclic or acyclic, which may be con- 
verted by selective hydrogenation into mono- 
ethylenic hydrocarbons, as well as alkcnylaro- 

30 matic hydrocarbons which may be converted 
by selective hydrogenation into alkylaromatic 
hydrocarbons. 

These hydrocarbons may be subjected to a 
selective hydrogenation in the form either of 

35 chemically well defined and pure substances or 
of mixtures thereof or in admixture with other 
hydrocarbons substantially inert in this type of 
hydrogenation, more particularly saturated 
hydrocarbons (cyclic or acyclic) monoethylenic 
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hydrocarbons (cyclic or acyclic) aromatic or 40 
alkylaromatic hydrocarbons. This is the case, 
for example, of cuts obtained from dehydro- 
genation or pyrolysis processes, especially from 
cracking or steam-cracking. The highly un- 
saturated hydrocarbons contain at least 2 car- 45 
bon atoms in then: molecule and sometimes 
more than 3D carbon atoms, there being no 
upper limit to ±is number of carbon atoms. 
In the most interesting cases this number lies 
between 3 and 15. 50 

The selective hydrogenation, using one of 
the above mentioned catalysts, is conducted at 
a temperature comprised generally between 0 
and 250°C and preferably between 100° and 
190°C. 55 

After a certain period of use, these catalysts 
lose a part of their activity. The reason is'not 
well known but the inventors' work has shown 
that this deactivation was at least partly due 
to the deposit of polymeric or rubbery - like 60 
materials and, sometimes, to an excessive 
poisoning of the charge by the impurities 
especially sulfurous ones. 

Therefore this deactivation is different from 
that which is observed with catalysts emploved 65 
at higher temperatures for example in hydro- 
cracking, hydrofinmg, reforming or even pure 
saturating hydrogenation processes. 
^ Heretofore the regeneration itself was car- 
ried out for example by burning the carbon- 70 
aceous materials, gums and/or polymers accu- 
mulated on the catalyst during its use in selec- 
tive hydrogenation reactions. 

Nevertheless, for these catalysts this process 
is difficult and rarely leads to the restoration of 75 
the initial activity and selectivity. 

Another known method consists of contact- 
ing hydrogen with the catalyst, at an elevated 



2 



1,158,418 



temperature, in order to decompose and remove 
the polymerized products which soiled the 
catalyst while reducing oxidized or sulfurized 
compounds of low catalytic activity into the 

5 corresponding metal which exhibits ^ a 
higher catalytic activity in the selective 
hydrogenation. In fact^ it has been 
observed too that tliis last method was still 
insufficient to restore completely the initial 

10 activity of the selective hydrogenation catalyst. 
The present invention relates to a new re- 
activation process whereby the above - men- 
tioned drawbacks are strongly reduced or even 
completely suppressed. 

15 According to this process, the deactivated 
catalyst is, in a first step, washed by a stream 
of at least one inert liquid hydrocarbon herein 
defined, at a temperature lower than 200°C, for 
example between 50 and ISO'^C, then in a 
second and subsequent step a stream of hydro- 
gen at a temperature comprised between 200^ 
and 500°C, preferably between 350° and 450^ 
C is circulated through a bed of the washed 
catalyst. 

25 By stable or inert hydrocarbon is meant any 
saturated or monoethylenic hydrocarbon (cyclic 
or acyclic) or an aromatic or alkylaromanc 
hydrocarbon (the cycloalkylaromatic hydrocar- 
bons being included) provided that it is in the 
liquid state under the treatment conditions. 
These hydrocarbons will usually contain from 
3 to 16 carbon atoms and preferably from 6 
tola 

As specific examples are mentioned: propane, 
n.butane, isopentane, neopentane, n-heptaae, 
isooctane, n.dodecane, n.hexadecane, cyclohex- 
ane, methylcyclohexane, decahydronaphthalene, 
2-butene3 1-octene, cyclohexene, benzene, tolu- 
ene, xylenes, ethylbenzene, 1 - methyl naph- 

40 thalene. Mixtures of hydrocarbons may be used, 
for example in the form of an aromatic cut or 
of a gasoline, which contains neither gums nor 
unstable compounds such as diolefins, acetyl- 
enic or alkenyl aromatic compounds. The gaso- 

45 lines obtained by reforming or straight distil- 
lation are specially suitable. The presence of 
aliphatic or cycloaliphatic monoolefins is not 
harmful. 

The preferred temperature range for the 

50 treatment with the table (inert) hydrocarbons 
is 50— 150°C. 

The pressure is chosen sufficient to main- 
tain a liquid phase of said inert hydrocarbon. 
An overpressure may be established, if neces- 

55 sary, by means of hydrogen or any other inert 
gas. Usually the absolute total pressure will 
be in the range of 0.5 — ^200 atmospheres, With 
a gasoline, for example, the total pressure will 
be preferably in the range of 5 — ^30 atmo- 

60 spheres. 

The hydrocarbons are circulated through a 
bed of deactivated catalyst, for example at an 
hourly rate of 0.5 — ^200 (more preferably 1 — 
10) volumes of liquid hydrocarbons per volume 

65 of catalyst. This step takes usually at least 15 



minutes and more frequently 1 — 24 hours. 

A reduction in the weight of the deactivated 
catalyst is usually observed, due to the disso- 
lution of impurities. 

To follow this washing step, the amount of 70 
dissolved gums or sulfur compounds present in 
the hydrocaiions issued from the washing step 
may be determined, for example according to 
A.S.T.M. methods No. D 381—61 T and D 
1266 respectively. 75 

This washing treatment is preferaibly con- 
tinued until no more gums or sulfur com- 
pounds may be detected in the washing effluent 
stream. 

The subsequent treatment by means of oQ 
hydrogen is preferably carried out imder an 
absolute pressure of 1—200 (preferably 2—30) 
kg/cm^ and at an hourly feed rate of gaseous 
hydrogen of 5—5000 (preferably 50—500) 
volumes per volume of catalyst (under normal 85 
temperature and pressure conditions). 

Hydrogen may be used in a substantially 
pure state or as a mixture with inert gases, for 
example as refinery gas. A content of hydro- 
gen of more than 70% by volume is however 90 
preferred., 

The following examples are given by way of 
illustration, not limitation. 

Example 1 

This example describes the reactivation of 95 
a catalyst of nickel on alumina which had been 
used in the selective hydrogenation of a feed 
charge containing: 

— ^isoprene: about 10% (molar) 

— ^benzene: about 9Q% (molar) 100 

—sulfur : 100 parts per 

million (ppm) 

whereof 90 ppm of sulfur from thiophene aiid 
10 ppm of sulfur from mercaptans. 

The catalyst exhibited the following initial 105 
composition: 

— AI2 Qs : 86.6% (by weight) 

— CaO: 1% „ 

— NiO: 12.4% « 

After use, the deaaivated catalyst exhibited 110 
a 10% increase of its weight as compared with 
its initial weight. 

Liquid benzene was cause to flow through 
through this deactivated catalyst, under a 28 
kg/cm^ pressure and at 80°C, the hoiu-ly flow 115 
rate being 2 volumes per volume of catalyst, 
and the operation being continued until no 
more polymerisate is present in the liquid 
effluent, which takes about 3 hours. 

The injection of benzene is then stopped and 120 
and hydrogen is passed therethrough at 400° 
C under 5kg/cm®, at an hourly flow rate of 
20Q— 250 liters per litre of catalyst. 

This is continued for 3 hours. All the nickel 
is thus reduced to the metallic state. 125 
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The reactivated catalyst is used to treat the 
above described feed charge under following 
conditions (same as the initial conditions) : 

— Pressure Ho : 40 bars 
5 — ^Ratio gaseous Ho/liquid feed: 250 
liters/liter 
— T: lOO^C 

—Hourly liquid feed rate: 2 volumes/ 
volume of catalyst. 



The following Table I shows the results ob- 10 
tained with the reactivated catalyst (A), as 
compared with those obtained with the fresh 
catalyst (B), the deactivated' catalyst (C) after 
1000 hours of use, or the deactivated catalyst 
reactivated by hydrogen only (D) under the 15 
conditions described above (without vrashiag 
with benzene). 



Table I 

Catalyst % conversion of isoprene 

Fresh catalyst (B) 99 
Deactivated catalyst (C) 89 
Reactivated catalyst (A) 99 
Reactivated catalyst (D) 95* 



* A further treatment by hydrogen does not improve this figure. 



Example 2 

20 This example relates to the selective hydro- 
genation of a steam-cracker gasoline to remove 
therefrom highly unstable products such as 
conjugated diolefins and alkenylaromatic 
hydrocarbons which are gum-producers. 

25 This gasoline exhibited the following charac- 
teristics: 

—Distillation A.S.T.M. : 40— 270°C 
—Specific weight (g/ml at 20°C): 0.765 
— Sulfur: 5 ppm by weight 

30 The operating conditions were as follows: 

— T: BO^C 

— Pressure H^: 28 bars 

— ^Ratio Ho/liquid charge: 250 liters/liter 

—Hourly liquid feed rate: 2 volumes/ 
35 volume of catalyst. 



The following table II gives the results ob- 
tained with the fresh catalyst, the deactivated 
catalyst (2000 hours of use) and the catalyst 
reactivated as described for (A) in example 1, 
except that to benzene was substituted a de- 40 
pentanised gasoline containing no unstable 
compounds and no gums and exhibiting the 
following characteristics : 

Composition: Aromatic hydrocarbons: 69% 

by volume 45 
Saturated hydrocarbons: 31% 
by volume 
Distillation A.S.T.M.: 60— 180°C 
Gums present before washing with heptane in 

mg/lOOcm^: nul 50 
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Table II 



Product 



Analysis 


Charge 


widi 
fresh 
catalyst 


with 
deactivated 
catalyst 


with 
reactivated 
catalyst 


jDroniiiic nuiuuci 
(A.S.T.AL — D. 1159—61) 


66 


50 


58 


49.9 


iViaieic anjayanae vdiuc 
(MAV) 

(U.O.P. method 326,58) 


74 


0 


34 


0 


Gums present (mg/lOOcm^) 
(A.S.T.M. — D. 381— 61T) 


25 


200 


2000 


150 


Gums present after washing 
with heptane (mg/lOOcm^) 


7 


7 


8 


7 


Potential gums (mg/lOOcm^) 
(A.S.T.M. — D. 873) 


7400 


300 


3500 


150 


Octane number clear 
(research method) 
(A.S.T.M. — D. 908—58) 


98 


97 


98 


97 



The analyses were conducted on the crude 
fraction at the outlet of the reactor, and not 
after distillation. 

Example 3 
In this example, several reactivation methods 
are compared. The treated catalysts are of the 
same kind as that of example 1 whereas the 



feed charge has the same composition as that 
of example 2. 

The first step of the reactivation is earned 
out with the depentanised gasoline described 
in example 2. The treatment by means of 
gasoline and that carried out with hydrogen are 
the same as described in example 2. 

The results are given in Table III. 
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Table III 



Reactivation process 



% conversion of diolefins 



No reactivation (deactivated catalyst, 
after 2000 hours of use) 

Same deactivated catalyst treated only 
by gasoline at 80 C. under 28 bars Hg 

Same deactivated catalyst treated first 
by gasoline at 80^ C. and 28 bars and 
then by hydrogen at 400° C. 



54 
55 

100 



No reactivation (deactivated catalyst, 
after 1500 hours of use) 

Same deactivated catalyst after reactivation 
by hydrogen at 400** Q 

Same deactivated catalyst after reactivation 
by hydrogen at 400° C. followed by 
gasoline at 80*" C. and 28 bars Hg 



63 
95 

95 
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In table III, the catalytic activity is mea- 
sured by the % conversion of diolefins, ex- 
pressed as: 

AlAVo— MAVef 

100 X 

MAVo 

wherein MAVo is the maleic anhydride value 
of the feed charge and MAVef the maleic an- 
hydride value of the effluent. 

The following may be deduced : 

— 1) The reactivation by mere washing with 
gasoline is inefficient. 

— 2) The reactivation by mere hydrogena- 
tion is only partial. 

— 3) The best results are obtained when the 
washing by gasoline is carried out before the 
hydrogenation^ and not the reverse order. 



Example 4 

A selective hydrogenation is carried out on 
a gasoline of density (d^^^) 0.76, exhibiting a 
dark color, a bromine number of 72 and a 
MAV of 73. 20 

The catalyst is palladium. 

The hydrogenation is carried out at 50°C 
and 30 kg/cm^ with an hourly liquid feed rate 
of 4 volumes per volume of catalyst. 

The ratio H2/liquid hydrocarbon is 20 litres 25 
per liter. 

After deactivation, the catalyst is regener- 
ated as described in example 1^ however the 
hydrogenation step is carried out at 210°G 
(and not 4000C). 30 

The following results were obtained. 





Density 


Color 


Bromine index 


MAV 


Feed charge 


0.760 


dark 


72 


73 


Product (fresh catalyst) 


0.758 


no color 


55 


2.5 


Product (deactivated catalyst) 


0.759 


no color 


65 


10 


Product (regenerated catalyst) 


0.758 


no color 


59 
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WHAT WE CLAIM IS : — 

1 — ^An improved process for reactivating de- 
35 activated catalysts containing a group VIII 

metal, said catalysts having been previously 
used for the seleaive hydrogenation of highly 
unsaturated organic compounds (as hereinbe- 
fore defined), said process comprising, in a 

40 first step, washing the deactivated catalyst by 
means of a stream of at least one inert liquid 
hydrocarbon (as hereinbefore defined), at a 
temperature lower than 200°C, and, in a 
second and subsequent step, circulating a 

45 stream of hydrogen at a temperature in the 
range of from 200 to 500^C through a bed of 
this washed catalyst. 

2 — ^A process according to claim 1, wherein 
the inert hydrocarbon is selected from satur- 

50 ated, monoethylenic, aromatic and alkylaroma- 
tic hydrocarbons. 

3 — ^A process according to claim 1, wherein 
the deactivated catalyst is washed with a mix- 
ture of inert hydrocarbons. 

55 4 — ^A process according to claim 1, wherein 
the temperature, in the first step, is comprised 
between 50 and ISO^C. 

5 — ^A process according to claim Ij, wherein 
the washing of the first step is carried out at 

60 least until no more gums or sulfur compounds 
are dissolved in the liquid hydrocarbon. 

6 — A process according to claim 1, wherein 



the hourly feed rate of inert liquid hydrocar- 
bon is comprised between 0.5 and 20O volmnes 
per volume of catalyst. 65 

7 — ^A process according to claim 1, wherem 
the first step washing is carried out for at 
least 15 minutes. 

8 — A process according to claim 1, wherein 

the temperature, in the second step, is com- 70 
prised between 350 and 450^C. 

9 — ^A process according to Claim 1, wherein 
the pressure, in the second step, is comprised 
between 1 and 200 kg/cm^ 

10 — ^A process according to claim 1^ wherein 75 
the hydrogen hourly feed rate, in the second 
stepj is comprised between 5 and 5000 volumes 
per volume of catalyst. 

11 — ^A process according to claim 1, wherein 

the catalyst contains nickel and alumina, 80 

12 — ^A process according to claim 1, where- 
in the catalyst contains nickel, molybdenum 
oxide and alumina^ 

13 — A process according to claim 1 where- 
in the catalyst contains palladium. 85 

14 — ^An improved process for reactivating 
deactivated catalysts containing a group VIII 
metal, substantially as herein described with 
reference to any of Examples 1 to 4. 

15 — ^Reactivated deactivated catalysts when- 90 
ever prepared "by the process of any of claims 

1 to 14. 
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